The Effect of Body Position and Forelimb Exercise on Cephalic Blood Flow
• Flow through both common carotid, vertebral, and subclavian arteries was measured with "C-core" probes and square wave electromagnetic flowmeters in mongrel dogs. Exercise of the neurally isolated forelimb was simulated by electrical stimulation to obtain first clonic and then tetanic muscle contraction. Exercise was performed in the horizontal supine, 30° head-up, and 30° headdown positions. Bilateral forelimb exercise induced abrupt increase in subclavian artery flow and conductance. Cephalic arterial flow and conductance decreased at the onset of exercise and showed gradual recovery. Left subclavian artery flow and conductance decreased during right forelimb exercise. Right subclavian and brachiocephalic artery flow decreased during left forelimb exercise. Head-up position induced general decreases in cephalic blood flow in spite of increased mean arterial blood pressure. Response patterns of flow and conductance during bilateral exercise did not differ significantly from those in the horizontal supine position. Administration of gallamine triethiodide before stimulation eliminated all hemodynamic responses. Femoral artery flow and conductance decreased on the side contralateral to the side of the exercising limb.
The clinical implications of redistribution of blood are discussed.
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• There has been no study to our knowledge which considers the effect of physical exercise on the hemodynamics of the major cervical arteries which arise from the aortic arch. Only a few consider the effects of body position. The reasons for this are that most techniques applied to conscious human beings require that the subject be immobile, and that animals must be anesthetized. Despite a lack of evidence, we suspected that cephalic blood flow might be redistributed during exercise and change of body position. We were particularly intrigued by the possibility that exercise of the two forelimbs of the dog might influence cephalic flow differentially because the right subclavian artery, from which the right vertebral artery arises, is the continuation of the brachiocephalic artery which gives rise to both carotid arteries; while the left subclavian artery arises independently from the aortic arch and gives origin to the left vertebral artery ( fig. 1 ).
ranged from 15.5 to 27.0 kg, were studied. Flow through both common carotid, vertebral, and subclavian arteries was measured with C-core electromagnetic probes* and square wave electromagnetic flowmeters (Models 301, 322).* The probes were positioned at: Common carotid artery (LC or RC) Vertebral artery (LV or RV) Subclavian artery (L-SCL or R-SCL)
C5 level C6 level Axillary subclavian junction Arterial blood pressure was monitored through a 160-gauge polyethylene catheter inserted into the aortic arch and connected to a strain gauge (P-23AC).t All of these parameters were recorded on a polygraph.^ The right and left axillary, musculocutaneous, ulnar, radial, and median nerves were severed in the axillary fossa. In order to simulate repetitive exercise of the forelimb, the distal stumps were stimulated with square waves at 80V, 10 msec duration in increasing frequency from 5 to 60 c/sec to obtain first clonic and then tetanic muscle contraction. AC square wave stimulation was applied for four minutes bilaterally, then to the right, and lastly to the left forelimb. After maximal exercise in the horizontal supine
•Carolina Medical Electronics, King, North Carolina. fStatham Laboratories, Inc., Hato Rey, Puerto Rico. tGrass Instruments, Quincy, Massachusetts.
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position, muscle stimulation procedures were repeated in the 30° head-up and the 30° headdown position.
Blood samples for Pao.,, Pa COo , and ApH were obtained from the right femoral artery before the onset of exercise, during the third minute, and one minute after cessation of exercise.
Flow in the brachiocephalic trunk (BC) and in the femoral artery (L-FEM) was measured during forelimb exercise in four animals.
In seven animals exercise was performed and flow measurements were obtained after clamping the subclavian artery and veins on the side of the limb to be exercised.
In four animals, electrical stimulation was performed after neuromuscular transmission had been blocked by intravenous injection of gallamine triethiodide (Flaxedyl) (1 mg/kg). In these animals respiration of room air was controlled by an Ohio 300 D/O respirator. The type of anesthesia used during our experiments was sodium pentobarbital, 15 mg per kg. A level state was maintained by reinfusion.
Method of Analysis
Flow and arterial blood pressure were abstracted from the continuous records at the following times: (1) stable value before onset of nerve stimulation (control); (2) 20 seconds after the onset of exercise: S; (3) the moment when exercise was stopped: AO (after 0 sec); (4) 30 seconds after the end of exercise: Al. Responses were expressed as flow per kilogram of body weight (ml/min-kg) and conductance (ml/min-kg/mm Hg). Conductance is the reciprocal of resistance. Mean arterial blood pressure (MABP) was calculated as the arithmetical mean of the sum of systolic and diastolic pressure.
Data abstracted from records were entered on punch cards and the / test or Duncan's new multiple range test was performed by an IBM 1130 digital computer. P-value equal to or less than 0.05 was chosen as the level of significance. These conventions and symbols apply to tables 2-9. S = 20 seconds after start of exercise; AO = the moment when exercise was stopped; A-l = 30 seconds after the cessation of exercise. *P < 0.001. t P < 0.01. +P < 0.05. At the beginning of bilateral forelimb exercise in the horizontal position, LC flow fell by 25.5% at S (P < 0.001), and conductance decreased by 16.7% (P < 0.001). Flow and conductance progressively recovered during exercise and at AO they were only slightly lower than control (flow -9.9%; conductance -6.7%). No significant rebound was noted after cessation of exercise (Al) ( fig. 2; respectively), no statistically significant difference was noted between them. In left forelimb exercise the magnitude of initial drop in flow (-16.4%) and conductance (-11.0%) at S was significantly smaller than in response to bilateral exercise (P<0.01, P < 0 . 0 1 respectively), but it did not differ from that noted with right forelimb exercise. Recovery pro-
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ceeded during exercise and rebound was found after exercise. Tilting the dogs to the head-up position resulted in significant decrease in baseline LC flow (P < 0.01) and conductance (P<0.01). In the head-down position a smaller flow decrease (P<0.05) was noted and conductance remained unchanged. The response patterns during bilateral forelimb exercise in either head-up or head-down position did not differ from that which had occurred in the horizontal position (graphs 1 & 2) . Clamping the subclavian artery on the side of the exercising forelimb diminished the amount of initial decrease in LC flow and conductance. Although in bilateral and right forelimb exercise there was slight reduction in flow at S (bilateral exercise -9 . 3 % , P < 0.05; right exercise -7.8%, P<0.05), the decreases were significantly smaller than those in exercise without clamping (bilateral exercise P < 0 . 0 1 ; right exercise P<0.05), and there was no significant decrease in conductance (figs. 5 and 6; graphs 1 and 2; table 2). When the left forelimb was exercised while the vessels were clamped, no significant change in LC flow or conductance was noted.
RIGHT COMMON CAROTID ARTERY (RC) FLOW AND CONDUCTANCE (FIGURES 2, 4-6; TABLE 3; GRAPH 3)
In response to bilateral forelimb exercise, RC
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flow decreased by 18.9% at S (P < 0.001), and RC conductance fell by 9.5% (P < 0.01). Gradual recovery ensued so that at AO the values were insignificantly lower than control. No rebound was noted after exercise was stopped.
RC response patterns to right forelimb exercise were similar to those of left forelimb exercise. The amount of reduction in conductance at the beginning of exercise (S) was insignificantly smaller than the reduction that occurred with bilateral exercise (fig. 4) . Exercise of the left forelimb induced significantly less decrease (-11.6%) in RC flow at S than did bilateral exercise (P < 0.01), but RC conductance was unchanged (table 3; graph  3) .
Control flow and conductance were unchanged in the head-down and head-up positions. Postural changes did not influence the response to bilateral forelimb exercise.
In every procedure the magnitude of decrease in RC flow and conductance at S was smaller than that in the left, but the difference between them was not significant. Clamping the subclavian artery on the side of the exercised forelimb obliterated the above-mentioned responses in RC flow and conductance almost completely (figs. 5 and 6). No significant changes were observed in LC flow or conductance, but during left forelimb exercise a slight initial decrease in RC flow was observed.
LEFT VERTEBRAL (LV) FLOW AND CONDUCTANCE • FIGURES 2, 5 AND 6; TABLE 4)
During bilateral forelimb exercise in the horizontal position, LV flow dropped by 16.2% (P < 0.01) and no recovery was noted throughout exercise. At AO flow was still 17.8% below the control level (P<0.05). The same pattern was observed in LV conductance which decreased progressively during bilateral exercise (-9.5% at S, P < 0 . 1 ; -14.7%at AO, P < 0 . 0 5 ) . LV flow and conductance remained at a low level Stroke, Vol. 2, March-April 1971 without significant recovery during exercise of the right or left forelimb. The amount of initial decrease in LV flow and conductance at S in right exercise tended to be larger than the decrease with left forelimb exercise. This difference in flow was not large enough to be significant, but it was with regard to LV conductance (P<0.05). Head-up position diminished LV flow and conductance (P < 0.05, P < 0.01 respectively), but in the head-down position no significant changes took place. Postural change induced no alteration in the response of LV flow or conductance to bilateral exercise.
When the subclavian artery was clamped on the side of exertion, this response pattern failed to occur (figs. 5 and 6). A slight initial increase in LV conductance was noted with left forelimb exercise.
RIGHT VERTEBRAL (RV) ARTERY FLOW AND CONDUCTANCE (FIGURES 2, 5 AND 6; TABLES 1 AND 5; GRAPHS 4 AND 5)
Right vertebral flow and conductance decreased at the beginning of bilateral forelimb exercise (RV flow -20.7%, P < 0.001; RV conductance -10.8%, P < 0 . 0 1 ) . RV flow showed no significant subsequent recovery and continued to remain at a low level (-17.4% at AO) throughout the period of exercise. RV conductance showed no recovery during exercise ( fig. 2 ; table 5; graphs 4 and 5). During right and left forelimb exercise there was also a persistent reduction of RV flow and conductance.
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Head-up position caused RV flow and conductance to decrease significantly (P < 0.05, P<0.01 respectively), but in the head-down position no change was noted in either parameter.
When the subclavian artery was clamped before exercise, no significant change from control values of flow and conductance occurred even during maximal exercise (figs. 5 and 6; table 5; graphs 4 and 5).
CEPHALIC FLOW AND CONDUCTANCE (TABLES 1 AND 6; GRAPHS 6 AND 7)
Cephalic flow dropped by 21.6% (P < 0.001) T78 at the beginning of exercise and conductance decreased by 12.3% (P < 0.001) in response to bilateral exercise in the horizontal position. Both tended to recover, and at the end of exercise, flow was 89.8% and conductance was 92.6% of control values. No rebound was observed (table 6; graphs 6 and 7).
The response pattern to right forelimb exercise was the same as that observed with bilateral exercise.
In left exercise, the initial decreases in cephalic flow (-13.6%, P < 0.001) and conductance (-7.7%, P < 0.001) were significantly less than the decreases with bilateral exercise (P<0.01, P < 0.05 respectively), but the changes were not significantly different from those observed during right forelimb exercise.
Head-up position resulted in significant decrease in control cephalic flow (-16.4%, P<0.01) and conductance (-23.6%, P<0.01). In the head-down position no significant change was noted in control cephal- (table  1) was only slightly diminished (-8.5%, P < 0 . 0 5 ) . No significant differences in response pattern of cephalic flow or conductance were noted during bilateral forelimb exercise in head-down or head-up position when compared to horizontal. Although the recovery of cephalic flow and conductance during exercise was seemingly delayed when the animals were tilted, the recovery phase did not differ significantly in a statistical sense from that in the horizontal position (graphs 6 and 7).
When the subclavian artery was clamped on the side of the exercised forelimbs, no significant reduction of cephalic flow or conductance took place.
LEFT SUBCLAVIAN (L-SCL) ARTERY FLOW AND CONDUCTANCE (FIGURES 2, 4-6; TABLES 1 AND 7; GRAPHS 8 AND 9)
In the horizontal position, L-SCL flow and conductance during bilateral forelimb exercise showed an abrupt increase (flow 181.4%, 180 P < 0.001; conductance 182.7%, P < 0.01) (figs. 2 and 4; table 7; graphs 8 and 9). Both continued to increase gradually, until at the end of exercise L-SCL flow had increased to 220.7% (P <0.01), and L-SCL conductance to 210% (P<0.01) of control values. Left forelimb exercise produced an insignificantly greater increase in L-SCL flow and conductance than did bilateral exercise.
During right forelimb exercise, L-SCL flow and conductance continued to decrease until the end of exercise ( fig. 4) . At AO, L-SCL flow had decreased by 15.1% (P<0.01), and conductance by 17.8% (P <0.05). After exercise stopped, flow and conductance began to recover gradually.
When the R-SCL artery was clamped during right exercise, no decrease in L-SCL flow and conductance was observed ( fig. 6 ).
In the head-up position control L-SCL conductance decreased significantly (P<0.05) from the value in the horizontal position. This was the only change induced in L-SCL 
Effects of exercise and position change on cephalic arterial flow. Conventions and symbols as in graph 1. See text for explanation.
flow or conductance by postural change. When the R-SCL artery was clamped throughout right forelimb exercise, no significant decrease in L-SCL flow or conductance was observed.
RIGHT SUBCLAVIAN (R-SCL) ARTERY FLOW AND CONDUCTANCE (FIGURES 2, 4, 5, AND 7; TABLE 8)
The response of right subclavian arterial flow and conductance during bilateral exercise was almost the same as the response in the L-SCL artery. Postural changes did not alter these response patterns, but both head-up and headdown tilt did decrease R-SCL control flow and conductance (P<0.01, P<0.01 respectively) ( fig. 2; table 8 ).
The response to right forelimb exercise was almost the same as that occurring in bilateral exercise (fig. 4) . During left forelimb exercise, R-SCL flow and conductance continued to decrease as long as the exercise continued. R-SCL artery clamping eliminated this reaction.
BRACHIOCEPHALIC TRUNK (BC) FLOW AND CONDUCTANCE (FIGURE 3; TABLE 9; GRAPHS 10 A N D 11)
In the horizontal position, simultaneous exer- *P < 0.001. tP < 0.01. *P < 0.05. cise of both forelimbs caused brachiocephalic flow to begin to increase after 20 to 40 seconds had elapsed, and it continued to rise until it reached 144.3% of control values at AO (P<0.05). After cessation of exercise, it gradually decreased without rebound. BC conductance began to increase immediately from the onset of exercise and reached 153.5% (P<0.05) atAO ( fig. 3) .
In left forelimb exercise, BC flow was reduced by 14.2% at S (P<0.01), and remained at the same level until the end of exercise (-14.6%, P < 0 . 0 5 ) . BC conductance decreased continuously until it reached -9.7% at AO (P<0.05). Neither showed rebound after exercise was stopped ( fig. 3 ; graph 10).
LEFT FEMORAL (L-FEM) ARTERY FLOW AND CONDUCTANCE (FIGURE 7; TABLES 1 AND 9; GRAPHS 12 AND 13)
L-FEM flow and conductance were recorded to obtain a measure of a possible general circulatory effect of brachial plexus stimulation. At the beginning of exercise there was significant decrease in flow (-29.8%, P < 0.-05) and conductance (-24.9%, P<0.05) which showed no statistically significant recovery until the end of exercise. No rebound was noted.
EFFECT OF GALLAMINE TRIETHIODIDE ON THE RESPONSE TO FORELIMB EXERCISE
Paralytic doses of gallamine triethiodide eliminated significant changes in flow and arterial blood pressure in response to nerve stimulation.
BLOOD GAS CHANGES DURING EXERCISE (TABLE 10)
Control arterial pH was 7.35 ± 0.06, Pac o 2 was 27.6 ± 5.8 mm Hg, and Pao 2 was 79.9 ± 39.6 (standard deviation). Bilateral forelimb exercise in any posture did not influence these values significantly. One standard deviation. seconds of bilateral forelimb exercise in the horizontal position (P<0.01). After this initial reduction, MABP recovered slowly, and at the end of exercise (AO) it was only 4 mm Hg below control values. There was no rebound after cessation of stimulation. The response patterns of MABP to right or left forelimb exercise were almost identical.
EFFECT OF EXERCISE AND CHANGE OF BODY POSITION UPON MEAN ARTERIAL BLOOD PRESSURE (MABP) (FIGURES 2-7;
The initial MABP drop at S was insignificantly less during bilateral exercise (9.0 mm Hg in right and 8.2 mm Hg in left exercise).
Tilting to the 30° head-up position caused MABP to rise 15.7 mm Hg above control (P < 0.01) (table 1). At S, MABP dropped by 16.5 mm Hg (P < 0.01) and its recovery was somewhat delayed. At AO its level was still 7. mm Hg below the control value (P<0.05) (graph 12). In the 30° head-down position control MABP decreased by 10.5 mm Hg, which was significantly lower than control MABP in the horizontal position (P < 0.01). It dropped by 7.3 mm Hg at the onset of exercise and recovered gradually. Its value at AO was statistically unchanged from the control value.
When the subclavian artery supplying the exercising forelimb or limbs was clamped, an initial drop in MABP occurred in response to bilateral exercise which was similar to that during exercise without a clamp ( fig. 5) 
Comment
Although several studies suggest that total cerebral blood flow remains relatively stable in humans during physical exercise, 1 ' 2 there is a dramatic redistribution of blood within the body. These changes in conductance through vascular beds can be mediated by systemic or local neural reflexes, by circulating substances such as hormones or metabolites, or by local action (dubbed autoregulation). It is these competitive autoregulatory effects on the distribution of cephalic blood flow which we considered in this study.
The regulatory mechanisms controlling cardiac output and systemic arterial blood pressure have been extensively studied. In both conscious subjects and anesthetized animals there is a marked increase in cardiac output and in systemic arterial blood pressure during exercise, and exercising limbs have increased arterial and venous flow. 8 " 7 We found that when the brachial plexus was stimulated to mimic exercise there was a tremendous increase in cardiac output and systemic arterial blood pressure which presumably was due to autonomic reflexes. In order to avoid these reflexes and to study the cephalic redistribution in a steady state, we severed the nerves and stimulated their distal stumps. The forelimbs were, therefore, "neurally isolated" from the rest of the body, and any effects resulting from exercise were either hemodynamic or flow at the beginning of exercise and its subsequent recovery during exercise is concordant with the change in systemic arterial blood pressure. That changes in cephalic flow were not simply secondary to change in systemic blood pressure is indicated by the fact that conductance paralleled flow. Vasoconstrictor nerves were possibly responsible for the reaction. Whether cerebral vasculature is involved in this vasoconstriction is beyond speculation because we did not measure flow through the internal carotid arteries. There might possibly have been some compensatory vasodilatation in the cerebral circulation since this recovery was found only in carotid arteries. It was not observed in vertebral, subclavian or femoral artery flow.
Severing the nerves of the bracbial plexus and clamping the artery and vein supplying the exercising limb effectively isolated the limb, although this alone was not enough absolutely to accomplish complete circulatory and neural isolation of the forelimbs. During exercise of the isolated limbs we found that: (1) With the exception of MABP, cephalic and LC flow, almost all cephalic and subclavian arterial responses disappeared, and (2) the differences between bilateral and left forelimb exercise disappeared in regard to the effects on cephalic and LC flow. This suggests that the hemodynamic change induced by increased demand for blood in the right forelimb was the main factor responsible for all initial cephalic artery responses. The same reaction observed in MABP during bilateral and right exercise may represent response to still persistent arterial blood supply for exercising forelimbs through collateral pathways (especially from the branches of the brachiocephalic trunk). The slight initial decrease in LC flow demonstrated that a diminished reaction occurred in response to these blood pressure changes. The minimal decrease in cephalic conductance during exercise after the subclavian artery and vein had been clamped probably means that such slight reduction in MABP was insufficient to induce reactive peripheral vasoconstriction.
BLOOD FLOW REDISTRIBUTION IN CERVICAL ARTERIES DURING EXERCISE
There was a significant difference in the degree of initial decrease in carotid flow when bilateral and left exercise were compared. The changes with right exercise tended to be intermediate. In bilateral and right forelimb exercise, cephalic flow showed relatively large initial decreases, in spite of an increase in brachiocephalic flow. The amount of flow decrease in right exercise tended to be smaller than that due to bilateral exercise, but the difference was insignificant. On the other hand, the initial decrease in cephalic flow in response to left forelimb exercise was significantly less than that occurring with bilateral exercise. Furthermore, this decrease tended to be smaller than that caused by right exercise, in spite of a significant decrease in brachiocephalic flow during left exercise. A similar trend was observed in both left carotid artery flow and conductance. In the right carotid artery this trend was observed only as a flow decrease. Left vertebral conductance tended to decrease more in response to left forelimb exercise than with right, although decreases were noted in both instances.
There was no significant lateralized difference in the magnitude of flow increase in the subclavian arteries, and no significant difference in reduction of initial blood pressure was observed when right and left exercises were compared. The difference in response is probably related to the anatomical configuration of the aortic arch and cervical arteries. In dogs, usually both common carotid arteries branch from the brachiocephalic trunk and the right subclavian artery is the continuation (fig.  1) . Therefore, it is quite possible that both carotid arteries are more exposed to the influence of abrupt alteration in hemodynamics around the aortic arch, and to diversion of blood into the right forelimb, than they are to changes in left subclavian artery flow, because of the distal origin of the left subclavian from the aortic arch. The fact that flow in the LC was more sensitive to postural change than any other arterial flow supports this assumption.
POSTURAL CHANGES
The alteration in cephalic flow reflecting postural change was similar to the results obtained by others who have studied cerebral and internal carotid artery blood flow. 15 -18 The changes in MABP recorded in the aortic arch were similar to those noted in femoral artery pressure measurements of anesthetized animals. 19 Both the aortic arch and the femoral 20 which is located in the neck a few centimeters cephalad of the sternum. Arterial blood pressure caudal to this point tends to elevate when animals are placed in the head-up position and tends to decrease in the headdown position because of the effects of hydrostatic pressure. Ideally, pressures should be recorded at the HIP. Since we did not do this, we must take these changes into account in the interpretation of our results. A similar consideration of the HIP in the venous system probably explains in part why every control flow value tends to decrease with postural change. With any postural change the venous return to the heart diminishes from the part of the body below the venous HIP which is, according to Guyton and Gregant, 21 in the inferior portion of the right ventricle. Consequently, diminished venous return results in diminished cardiac output through Starling's law. Because of the anatomical location of the venous HIP, postural change into the head-up position will induce more decrease in venous return to the heart than will the head-down position. This could be one reason for more significant decrease in control flow value when the animals were head up than when they were head down. Other factors, such as decrease in perfusion pressure in the head-up position as suggested by Patterson et al., 17 can contribute more significant decrease in cervical artery flow in the head-up position than in the head-down position.
Lassen 22 suggested that hyperventilation might be a factor which induced decrease in cerebral blood flow in the unfamiliar upright position, but in our animals this factor can be ruled out because no significant changes were found in Pacoo when the animals were tilted (table 10) .
When we compared the response patterns of cephalic arteries in the horizontal, head-up and head-down positions during exercise of both forelimbs, the patterns were remarkably similar in spite of differences in the degree of blood pressure change. The similarity can be explained as the integrated result23 of: (1) cephalic autoregulation, (2) the baroreceptor reflexes, and (3) increased venous return from the exercising forelimbs contributing24 to the maintenance of normal cardiac output.
RESPONSE PATTERN IN NONCEPHALIC ARTERIES DURING EXERCISE
The continuous reduction in flow or conductance in the femoral and subclavian arteries contralateral to the side of the exercising limb indicates that redistribution of blood took place during exercise. The fact that they showed no significant recovery during exercise means that systemic arterial pressure and the cephalic circulation recovered at the expense of blood supply to nonexercising parts of the body. Such a phenomenon and elevation of blood pressure in resting limbs is generally explained as the result of vasoconstriction due to increased sympathetic tone. 25 - 29 We also observed this effect in subclavian arteries when the nerve supply had been interrupted. This suggests to us that humoral factors or local vascular control might have been responsible, because peripheral capillaries can maintain their tone and regulate their flow without the help of sympathetic vasoconstriction. 80 In normal human beings the diversion of blood supply to exercising limbs is almost instantaneously compensated by increase in cardiac output, so we suspect that cephalic flow shows no marked changes. In abnormal subjects, however, in whom disease limits the responsiveness of: (1) cardiac output to increase to meet the enlarged blood flow requirements of exercising limbs, or in whom (2) there is anomalous configuration of the aortic arch such as brachiocephalic trunk origin of the left carotid artery which may cause a mechanical or anatomical barrier to rapid compensation, or if (3) there is disturbance of normal arterial flow by atherosclerosis or angiitis, it is quite possible that the phenomena which we have described in experimental animals can occur in patients.
Summary
Unilateral and bilateral forelimb exercise was simulated for four minutes by electrical stimulation of the distal stump of the severed nerves of the brachial plexus. Flow through both carotid, vertebral and subclavian arteries, the brachiocephalic artery and the left femoral artery was continuously monitored with electromagnetic flowmeters in 17 dogs. Systemic blood pressure was monitored by a catheter in the aortic arch.
Cervical arterial flow and conductance, and mean aortic blood pressure showed an 
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abrupt initial drop. In the carotid arteries flow and conductance fell abraptly after the onset of exercise and gradually recovered to control level. In the vertebral arteries a similar initial decrease occurred but recovery was poor.
The decrease in cervical arterial flow and conductance during bilateral forelimb exercise was significantly larger than that during left forelimb exercise. Flow responses to right forelimb exercise tended to be midway between bilateral and left exercise. This trend was most clearly demonstrated in the left carotid artery. Left vertebral conductance showed an initial decrease during left exercise which was significantly smaller than that occasioned by right forelimb exercise. This difference might have been caused by the anatomical configuration of the dog's aortic arch.
Brachiocephalic flow increased markedly with bilateral and right forelimb exercise, and decreased during left exercise.
Tilting to the 30° head-down position did not change the response pattern in cervical artery flow or conductance.
Left femoral artery flow and conductance diminished continuously during forelimb exercise. The same tendency was observed in the subclavian artery contralateral to the side of forelimb exertion, in spite of the fact that connections to the central nervous system had been severed.
Clamping the subclavian artery and vein ipsilateral to the side of the exercising forelimb significantly diminished the flow and conductance changes of the cervical arteries.
It is suggested that these changes are induced by insufficient increase in cardiac output to meet the demands for increased blood flow to the exercising limb.
The clinical implications of these observations are briefly considered.
